ABSTRACT A study in Riyadh, Saudi Arabia investigated the prevalence of gestational diabetes mellitus (GDM) and its predictors in a high-parity group of pregnant women (n = 633, 50.1% grand multiparas). The prevalence of GDM was 12.5% and 3.8% by World Health Organization and American Diabetes Association criteria respectively.
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Introduction
Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance of varying degrees of severity with onset or first recognition during pregnancy [1, 2] . Women with GDM are at risk of pre-eclampsia and their babies are at risk of macrosomia and perinatal mortality [3, 4] . The prevalence of GDM ranges from 1% to 14% of all pregnancies, depending on the population studied and the diagnostic tests and criteria employed [5] . The oral glucose tolerance test (OGTT) has for several decades been the international standard for the diagnosis of diabetes in nonpregnant adults. However, the criteria for defining diabetes differ between the American Diabetes Association (ADA) [1, 6] and the World Health Organization (WHO) [2] , with the WHO now characterizing GDM as the joint category of diabetes and impaired glucose tolerance. The appropriateness of these different diagnostic criteria has been debated [7] ; nevertheless women meeting the definition for GDM by either set of criteria are at greater risk of complications than women without the diagnosis. Screening for GDM using riskfactor assessment is common practice internationally, although an obvious limitation is that data on risk factors related to prior obstetric events are not available for nulliparous women [8] . High parity (5+) is common in developing countries, especially in Arab nations such Saudi Arabia where large families are the norm [9] . The association between multiparity and pregnancy outcomes has been studied extensively [10] [11] [12] , as has the relationship between parity and risk of type 2 diabetes [13] . However, the findings are inconsistent, and whether multiparity is related to adverse maternal and fetal outcomes remains uncertain.
The aim of the present study was to estimate the prevalence of GDM among pregnant women attending the King Fahd National Guard hospital, Riyadh, Saudi Arabia, using both WHO and ADA criteria and to investigate parity as a predictor of GDM in this high-parity community of pregnant women.
Methods
All pregnant women attending the antenatal clinic of King Fahd hospital, part of the National Guard Health Affairs services, are routinely subjected to an OGTT at 24-28 weeks gestation. The diagnosis of GDM is based upon the results of both the fasting sample and/ or the 2-hour OGTT test. The treating physician is notified immediately of any abnormal results, so that the woman can be referred to a specialized GDM clinic.
Sample
All pregnant women who attended the antenatal clinic during the period July 2005-July 2006 (n = 770), who had no previous history of diabetes without pregnancy were the target group of the present study. After excluding women who suffered an abortion before reaching 24-28 weeks gestation (n = 30) and those who refused the OGTT or did not attend for testing (n = 107), the final sample was 633 pregnant women.
Data collection
The OGTT was performed in the morning after a 12-hour overnight fast and 3 days of minimal carbohydrate diet and unlimited physical activity. Plasma glucose was determined before and 2 hours after administration of a 75 g glucose solution (Glucola) [5] . GDM was considered present if venous plasma glucose was equal or greater than the threshold values according to WHO criteria (fasting plasma glucose ≥ 7.0 mmol/L or plasma glucose 2 hours after glucose load ≥ 7.8 mmol/L) [2] and according to the ADA criteria (fasting plasma glucose ≥ 5.3 mmol/L and plasma glucose 2 hours after glucose load ≥ 8.6 mmol/L) [1] .
A review was made of the records of all pregnant women to collect data on age, gravidity, parity and history of previous abortion. Parity was classified as: nulliparous (no previous viable pregnancy), multiparous (given birth to 1-4 children) and grand-multiparous (given birth to 5+ children) [10] [11] [12] [14] [15] [16] .
Ethical issues
The blood tests were performed free of charge as a part of the ongoing routine care of pregnant women at this centre and the women signed consent for management at the first booking antenatal visit. For the present study the records of all data were kept confidential. The study received ethical clearance from the institutional review board and the ethics committee of King Abdulaziz Medical City, National Guard Health Affairs in Riyadh.
Analysis
Data were analysed using SPSS, version 11. The chi-squared test was applied to compare categorical data. To investigate parity as a predictor of GDM, logistic regression analysis was applied with GDM as the dependant variable against maternal age, parity (nulliparous versus parous) and history of previous abortion (positive versus negative history) as independent variables. Analysis of covariance (ANCOVA) was used to compare means of fasting glucose and 2-h glucose, adjusted for age and history of abortion, between nulliparous and parous women. Significance was assumed if P-value was less than 0.05.
Results
The 2-h OGTT was completed by, 633 (82%) women. According to WHO criteria, GDM was diagnosed in 79 women, a prevalence of 12.5% (95% CI: 10.0%-15.3%), while according to ADA criteria there were only 24 women with GDM, a prevalence of 3.8% (95% CI: 2.4%-5.6%) ( Table 1) . Only 24 women (100% of ADA-defined cases and 29.6% of WHO-defined cases) were positive by both criteria. All ADA-defined cases were detected by WHO criteria, while only 29.6% of the WHO-defined cases were detected by ADA criteria.
Among this group, 31 (50.1%) were grand multiparas. Table 2 shows the univariate association of GDM with maternal age, parity and history of abortion. The prevalence of GDM according to WHO criteria was significantly associated with maternal age (χ 2 LT = 2.89, P < 0.001) and parity (χ 2 = 18.06, P < 0.001) but not with a history of abortion (χ 2 = 4.85, df = 3, P = 0.18). There was a significant and progressive increased prevalence of GDM with increasing maternal age, from 5.6% at 20-29 years to 28.3% among women aged 40+ years. The prevalence of GDM was 9.5% (95% CI: 3.6%-19.6%) among the nulliparous women, 6.3% (95% CI: 3.9%-10.5%) among the multiparas (1-4 live births) and 18.2% (95% CI: 14.1%-23.2%) among grand-multiparous women (5+ live births). Multiparous women were 8 times more likely to have GDM [unadjusted odds ratio (OR) 8.29, 95% CI: 1.01-179.87] than nulliparous women.
Logistic regression analysis was applied, with maternal age, parity and history of abortion as independent variables against GDM as the dependant variable (Table 3) . When the regression model was assessed for goodness of fit, 87.1% of all cases were found to be correctly classified according to the presence of GDM. Table 3 shows the estimated coefficients and their exponential from the logistic regression model that predicted GDM from a constant and the variables: age in years, parity (1 for nulliparous) and history of abortion (1 for positive history). The χ 2 -value for the model was 30.55 Given the previous coefficients, the logistic regression equation for the probability of occurrence of GDM was: Z = -6.288 + 0.124 (age in years) + 0.341 (history of abortion) + 1.038 (parity). Applying this to a pregnant woman who is 20 years with values of 0 for the remaining independent variables (i.e. a parous woman with no history of abortion), we find: Z = -6.288 + 0.124 (20) = -3.808. The probability of GDM is then estimated as: 1/1 + e-z = 1/1 + e - (-3.808) = 0.02. Based on this, we would predict that a nulliparous woman is only 2% likely to get GDM. Following the same procedure for a woman aged 40 years, the estimated probability of GDM was: 1/1 + e - (-1.328) = 0.21, i.e. GDM is 21% likely to occur at this age. However, if this same woman of 40 years of age was nulliparous, then applying the value of 1 for parity, the estimated probability of GDM is 1/1 + e - (-0.245) = 0.44, i.e. the probability will rise to 44%, indicating a higher possibility of GDM. Table 4 compares nulliparous and parous women according to selected variables. In the bivariate analysis, parous women had a significantly higher mean maternal age [32.62 (SD 5.47) years versus 22.40 (SD 4.01) years] (t = 19.83, P < 0.001) and higher rate of positive history of previous abortion (48.4% versus 12.5%) (χ 2 = 34.02, P < 0.001). The groups were similar in terms of the results of the OGTT. However, after adjustment for age and previous history of abortion, nulliparous women had significantly higher mean 2-h glucose values (P < 0.01) and higher prevalence of GDM (P = 0.045).
Discussion
GDM is an asymptomatic condition most of the time and the effectiveness of its detection has not been adequately tested. Based on ADA criteria for diagnosis of GDM, 3.8% of the studied pregnant women who completed the 2-h 75 g OGTT had a diagnosis of GDM. The corresponding figure according to WHO criteria for GDM was 12.5%. The latter figure is comparable with the incidence in Jeddah city (12.5%) [17] but is higher than the figures reported for Saudis living in the Dammam [18] or Riyadh [19] areas. It is compatible with figures from other nearby countries [20], but still higher than those of some developed countries [21] . However, comparison of the incidence in different communities may lack validity due to the diversity in the diagnostic criteria used.
The findings of the present study revealed that all cases of GDM by ADA criteria were detected by WHO criteria, while less than 30% of cases detected by WHO criteria were also diagnosed by ADA criteria. Meanwhile, the number of GDM cases according to WHO criteria (n = 79) was more than 3 times that for cases detected by ADA (n = 24). This is consistent with the guidelines of the Society of Obstetricians and [11] . In the present study, 50.1% of all pregnant women were grand multiparas. Many studies have been conducted to investigate the relationship between high parity and adverse birth outcome [10] [11] [12] [14] [15] [16] . The relationship between parity and risk of type 2 diabetes has also been examined [13] . Most reported associations between parity and diabetes have not been adjusted for age or body adiposity, both of which are likely to be important confounding factors [13, 25] . In studies that have presented results adjusted for age and adiposity [13, 26, 27] , the findings have been highly inconsistent. In the present study, when parity was used as an ordinal variable, GDM was significantly more prevalent among nulliparas as well as grand-multiparas, while it showed the lowest prevalence among multiparous women (1-4 live births). However, when using this parity variable as a dichotomous variable (nulliparous versus parous), no significant difference was detected in GDM prevalence between the 2 groups in the bivariate analysis. After adjustment by logistic regression analysis for both maternal age and history of previous abortion (both showed highly significant differences between the 2 groups), a significant association between parity and GDM was detected, so that GDM was about 3 times more likely to occur in nulliparous than in parous women. Meanwhile, the mean value of the 2-h OGTT, after adjusting for age and history of abortion, using ANCOVA, was significantly higher among the nulliparous group than among the parous group (P = 0.01).
It has been reported that many complications are associated with grand multiparity, including GDM, which was shown to increase with maternal age [16] . That is to say, the association between parity and adverse maternal complications might actually be due to the confounding effect of maternal age. In the present study, maternal age was strongly associated with the occurrence of GDM, with pregnant women aged 40+ years about 8 times more likely to have gestational diabetes (OR = 8.29) compared with younger women. Even after adjusting for parity and history of previous abortion using logistic regression analysis, maternal age was still a significant independent predictor of GDM. The results of the present study revealed that the probability of occurrence of GDM increased from 2% to 21% when age increased from 20 to 40 years, and this later probability was doubled (i.e. 44%) for women who were nulliparous.
Some limitations have to be addressed in the present study. First it was a relatively small sample size that might not allow the results to be generalized. Secondly we used only 2 of the 3 readings of plasma glucose recommended for diagnosing GDM by the ADA (fasting and 2-h, but not 1-h readings).
From the findings of this study, and considering its limitations, we conclude that:
According to WHO criteria the preva-• lence of GDM at King Fahd National Guard Hospital is high (12.5%).
Nulliparity could be considered as • a significant independent predictor of GDM until further studies with higher numbers of nulliparas are done to support this finding.
Maternal age is a significant predictor • of GDM, and the high rate of GDM among grand multiparas could be due to the confounding effect of maternal age.
